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1 

NAD* <effca^:2'?>rs Kryi^>s>>?i^i^*^ 

A (Candida parapsilceis) 'C-fe^C ^^ff^itiSit"^"* 
A. 

[S5^5] S*^432e<?>DNA(<:feC-T-. 7a/ 
a- Kr«.feSEW€:^Ci*#^er«.DNAp 50 

-&ttsg?^^s-^ci€^air^DNA» 

[S*^7] gg^6S?3W>DNA«:4^l»T. 7^/ 

^*Ct*e»ir*E'NA. 
[lifltsa ) S5$t3a4 ^7<7>l*rn;^«ffiSt©DNA 

[3s;k;9d] g5^4^7<9i'rM^cc£«SQ:>DNA 4o 



^^1-23 1 785 
2 

rms^. sfe*«*^^h>«:ie7cuc^fe9?gii7;^:3- 

i3rr&*^tt7Jua--<rt.€Bi»-rac 
[000 n 

gffl^ira-r'r^DNA. SgDNAttct OJi^eS 
[0002] 

3J^ru:t?^Ky>K {Ji^T. NADP* iKf > 
•$'«•!^'-*r■^XDe'«5A• rSy^- crrierocwnasro 
bim brockii) 6*<;!>7-^a--'l'flft*^^ (J,Ani,Ch« 
m^Soc, 108, 162-159 0395)) ifiHa^tlXi^i^, 

(WT, NAD- 6BftT> €R:^'&2«rJU3-.'UJW 
ASB^iUrt*. l^^^r •X-Js.fcT- WRl-Y-11328 

(Picfna 5p» i«RL-Y-3i32a: cur.J.BlcchCT. id, 401 
-406 0575) ) . S^:*- iF^t^ • 5PDB (Ps 

cudoRonas sp, SFD5: ^oorg^Ch^, is, 396-^7 CX?9 
1) > , i/»-F-«-f :^ - -^JUitUf -fe^^ WBRl B-134 
4 <P5«udaasmsnuoresc«ns mRL 8^1244: 4i99B359-l 
7982^) . - K-€^^ • vjU h / 5 kSUl CPmu 
dbnonas mUoUhilia irimL: |tficro6iol«LeCt. 9 

eudsflcnas sp. PED: 3.0rq.Oie9,57, 152^1S32 (2992) 
) , t^»-F-e:^^*XAI^- ATCC214J9 (PscudcM 
WKB 5P, ATOC 21439: Eur, J-Biochsai. 119, 559-364 
(i981>) . ^^I^r4^*n(^^^^~ 5AMM <Ciindid 
a MOinil SAMil: BiMCh1iii,aTophv5.Ac^a 716, 399-307 
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3 

(19925 ) , 5 ^<*X >'»-5<Mycob<i 

cterluw v^cae X)6-5: J.Ccn,Wicr&biol, 131, 2901-2 
507 (1985)). aK3if:<»JC- o r^a'J>Awa>i(Rhs/ 
Oxoccu^ itodxhrws fnkdi: Arch.ttHcrobldl. 153, i 
65-1S8 <1550)) , r3-?*:^X • ^r-^ <Qnworas t 
emoena: ^och-o.Bicphv^Act^t $51, 74-^ <258D 

sp. se^; «»e5i-5?g82^) ^^t»^>ss^$eg-dnt: 

[0 00 3] 10 

(S> -2-^3t/--'i^St<*3g«W2r®ff:o. 2-r 

(i^*-'P€'^;^-x;stf- ATCC 21439 • t^:i-K^ 

UY-UL328 :<s<j&^^^>^trfeiirtiR<>3!i4®feffilKiK 20 
(tail, Va." F*:^^ • U9-k>X MWL R-12 

^<jf^iji5^.^s:;;x 308-5. D - a K i'P 

S <Saccharonycs c^r^n^i^) gf^O lll&TA'S-JU 
*«:@^(C^(kr^iv^^«l&;!>s^^5W (Arch.Rioch 

C0004]BP*. <S) -2-r^y'-;u^l5^cc 

{^p-::^>i^r^C4i!>^S<a*nTV*fc. 40 
[0006] 

^. 15<C+*'>f^-^^--'<r'7'i^a^'^ <Cnn*«te para 
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4 

[ 0 0 0 ? ] BS%, -vc^is. ;xa)04tt&«»cci]^T9fb 

NAD- t«a?»iU'C. 7JU3-;^^B(fc(^. yh> 
10008] ®SK«^Be 

f-S. xiftr^3-jUK:fckeu'C2<57ii'3-/i'tt:«-u 

[0009] 7M.rt, vxkt^^t^t9^^^tmvs^ir 
[ooio]«j^»a 

[0011] ^WApti&ZfiS^pt^ 

<S) -2-7'^/'-.'VKfk£ic:c^sapHia:8, 5^ 

[0012] pH8, 0--10. OXitS&Sf^^X^ 

^. 

[0 0 1 3] miS^^(C^SSS 
2 5^-5 5 •C;'CfSt43!^K< . 5 0 'Oii^^mSLX^^. 

[0014] ®£&u:J:«^v§<^^ 
4 0 X: 1 0 ^(D^l^»X S 0 %KJL}i0^T^tm^ 

[0015] (2>B9SZ/^it 

[00 16] 

r ^ l» ^I'T A K <feST. SDS-PACE 
[00X7] 
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NAD- 2*5 iiwol, (S) -2-'7'3r/'-.'U 
1U1$, l^ratc i^'sel CON A DH4^>^€^ 
S«::3-Kr-&DNA^fflWT-S. IBJ^. '^^a^S 

iiCl/TT, PCRCft>lv»rase Cham Reacrlcn) ^'T^' 
^T-^T'&flab. ^i'>5^<y-.'r-7:/t/E3v;< (Cand 
idQ canicsilcttls) <^&]#DN A^^^C/iTcPCR 

^^^CSxX (Candida paracsilosis) <?>&a(tDNA 
€r3Tl^*«:-^Ofi^5iJ?:)i^2l/Ja^*WfS»5i Has 
n tc«tomitt» ±^U:fS:DNAK>t«:T4 yjtf-^ 
fCJ:0SB3e(l:U« i^PCR <NKi4fic Aods rqs. 15^ 
8189 (1989 > ^<^ft2£DNA«i9Kl/fc. 
m^htiC. :3rSm>51fl8tc:«Sl:&^^DNA&^W>eg 
aSjai^fS-^^-^^-^r&RSU, i2POR(c:j:Dr5rS 

[0 02 0] *«IM8fi5>. 2ttri^a-jHsWcSBS4r 
jfr^i/Ti-r. r^>'B^^j33(5^5Wic@6. 7. ate 

DNACCli. He. 7. a^nrUftLl OOaHSSdi^tr 
*DNA«i^*n4Ct«^-^l^-C^/:t^';(i*, 

nK. efe^tSt/^ii^tCDNAtS^^Ci:!*. 
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6. 7, acc^Lf^l OOSa»*a'C?DNAS?'dm 
DNA*jai:»9£l//^4DNA<fc«att:br, PCR^«r 

ifctit^^oj? F©«fit(£< ur^f ^ c i 

Ji-^-C* 9>yA(C5£Sd«A$nyiiDNA€r»'6C<t 

I*. 

6. 7, aic^54aTC*^5a«^=i-Kri^DNA<c 

(00221 *^(cfeur«gsS«i©i*^giirj:^»^ 
9^F«::a-rT«DNA«:cJ:0^SgftSn, 2157 .'I' 

orcn>ff. nKX5j<Ui>C>A.3«»odosporid1un)ia, 

^CCanoioa) S'tC ^<DS5. / ^ a;^!}^? (Nojrospora) 
a. 7;^-<.'^1^';^-^(Asps^alnlJ5) S. -bwa;^*'; 

[0023] ff^'^S^i^miOTcfOCO^m^K^ i^, 
[0024] aSt-^S^tC^J^ri-C. 

M^t^jL:^^ h(Cabfi*;fa«-^r-€:7js^©DN 
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990>J Tvean 42M88 C199S) J ^^^S^ 

[0025] Pilitia:. ^v*yfcr«««::^y»a^i'* 
7T-t^ PI, wi^tCii^^'^'a^-^-aars^fa 

[0 02 6] /tf^^AgiCAJl^T-J*. ^i^^--iUrpU 

10 02 7] ^'*-^•*"^:3^JS^Cfec*•Cl*, ^-^-K^ 
•":j^?^^<P5cu<faBon«5 putufco. J-'A— K"^"f-;s ' 

7^ t K TO. -f^^^i. iF^ii-viiCLtcUzm^^P'^ 

[0029] 3';4^*i?f'';'5AJJ5. ^^tcaij^w'^^^f^ 
y A • 5r ^ (GorvTt0>2tctenu9 qlucapncuo)tc 

l.C9i.C3nsK. ass, 175 <19&8)) ^4:«>'>'5';\5 K^i' 

[00301:5hU'rha ?>:^J?.<5tn8ptococai>S«ii4i 
t^-Cli. pMVOJOa (FQB MlcrD&lwl.LGtl. JC, 239 (19S 
S» . pGKl (Appl.EmnronMcr^ol. 50, Cl9e5> 

[0 03 ! ] ^'«^^:^CLacTobaonu5; H«:4ac* 

{j.B«ctern>l. 157, 614 Ca979>) jd^f^JSilft'CA 

0. :^a*-ir-iOT:«c!SBr'f9fl9$n*rv'*4>o 50 
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&/isia») ^U\i\X\t. YRp YEp JR. YCp YIP 

&r y ^y- AD N A ^oDiaa^^ «rf9^ > 

^^U-S^5>^^^?- (eP 537456 /iJ^r} l±. ^afcT 
ai>. woe K14:^;r-^7T:>--b), cai( ^-H^i^V 

[0033] i^y^^^^A-^X^. 

K, pan. *7^5r^s K (},62kCT«nv1, 145, 382- 
390 <198D) . *9-iSl4U:M-^f a pGKll 1^**^^ 
ASK, ^^-/'<DV'<'fe;;^fl|(CifeJ<^ag^Jj^iSe?- 

5 K (EP 537456 fxt) ft? 4r3»5«J^flfeTr* s 

tc. ACM, PGK /:£irtc^*'r47a*-^-. 

[0034] i'Vif-:r:^o-7*^-bX<Sctii»»acd»n3nvt 

OeO J, 6, 723(1287) ) . 
[0035] ^=?1^y?!70-7-f-bXSavqoMCClviroivc 

qssacdfiaroivces rcuxii) pS&3 <l>^l«!ic And 

S RW. 13, 4267 (19SS)) ^^(C^^t^A^"^^ S 

xiS* PH05 :^D^'-^-^» ?-rf-t^^»;^a-!?-r-feA • 
a ^ vfisfe if y jur iuf^b r - 3 - y >b 

K^SSS) ©ya*-^- <Aqn,6161,Ow, 54. 25 

21 (1590) > Geryyiffl«nj*r A&. 

[0036] ^O4!^;S5'(Mwe^li0 KttltJt^rtS:, ,M 
^ • * y JfcJU^ T <Hans€rRjlapolviBorpha)tC^^V* 

tt. ^x^-fefpc-^ ';i<y^^:?T63fee»ftS6^«iP5^T«> 
fie^ <fWSl, mRS2> S^*(J^^«&CA&:^. tfcgflW 

>ty^X^h <Y«Z5X 7, 431^3 (1^* ) • S^<^^ 
y^r^-zU^^e^-^dtlS AOD( (Til'a-JU^'tfS/^f 
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[0 03 71 t:*r<Picina)jatC{iJC»Xl*, b'^^ • 
;^ h '^JlCPichia p5ist3oris> tft^iC^^ra^^WSSl 

-<i^^J-3jb3&i^^$n-Ci3 0 <bb1. cell. Biol* 5, 5376 

(1985) > , ^^iS^t^^y-^^^xWff^i^rji w 

airfat^-^^si^-^-^^iVJST** <l^leic Acids 

♦-^^-f y ' -pA^h-'-t^ccwvlidajwltoKO . 4^^>r' 
^5r-r^l.k:*?>X (Candida «lbic.-»i5X '^t>^^y 

[0 03 9] r35^>U4fil':^(Aspe«jinu5) JB^^^s^^i: 

(Tnand^ In ffiOTCctinology 7, <!5 
[0040] h yaf^/b-^^CTrtcttetfsrna) SKJat^r 

gov ?, 595-603 OSSS) ) . 
[0 04 1] *^<^>^^, ^t>7^^► ^(Candida) 

'SC ^-fC J: OSSj& 

[0042] CPfPJg 

NAD* firtt»S4;Or. TJU3-jl.^:iKfto. 
3l<*riby^fcl=*^«lW*. fife, NADH*1gB®i. 

[0 04 3] ^ 

[0044] r iW^'b K33:(»^$t63eMl^dM88^r 
[0 04 5] <S>fl^fi 

[0046] t:^^(Z>2|ArJi^3(-JUJiA^-$Sl 
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10 

^'l. 2-*ir^y-ju, :7:xi;ux^>^-ju, 1, 3- 

<^>-* <2-:r^/'-;U. 2-3|-^'3?^-,'l', 
xJjx-jU, 1. 3--r^>V4--;k j8-bKn4^V 

dS. C<^l:£lS(Cj:01«2iSNAD* (idSTC^n. 

[0047] ^aufcNADHlt. flilJf, Jft^m^W 
r^NADH^iNAD- 2C^T^(^^«1J:0. NAD 

3K»S, NADH=r4^t^^^— te*iift'CONADH*NAD 

JCJ:o. NAD- ^^^•r^ci<>'c^?^o «fc. 

[0 04 6] f^*:. M'>^<C*^C!>2«ar;^5i-.'U 

ii!. 2-7'^y>3!)*^ <S) -2-:f3t>'-.'W. 
i7^y>3a*^<S) -2-^i^^fy-/K r-bF7a;/' 
<S) - 1 -7«:i;lx^>'-;K 4-th"n+ 

7c«lttcj:Offlg9KNADH{iS{b$tx, NAD* 3^ 

[0049] isibfe NAD- ii. mi*> m,m>i! 

riNAD^ tNADH<<:^'r&6fe:^tc^0. NAD 
in^y ^ti^Cti^V^^. GONAD* £ 

^<;^3-X«*SSgA/^<5>NAD• «NADH^fi7B 
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[00501 

[0 05 1] c^^i] izmrsi^^'-iUMi^gs^. 
[ 0 0 s 2 ] n^tifcm^^^^-^imss^micx 



(7) «S^7-23 1785 

12 

A;. 

>K*^^4i/d, 4S<*£ia«^». ^*CC>^v>p3^2a 

«rSDS-PAGE-cag«Ufe$&a. m-/<>K-CAo 

[00541 SDS-PAOE(C^(>i4,^<>h-C0f^^ 
\t. tt4 0 0 00T?ab-5/c (@i:v 

[0056] 
[^1] 





















<u> 








4^0 




4D100 








82110 






csn 






SO 












560 


1870 










n 


m 




28,5 


119 






22,1 


ei5D 


m 






n.u 






948 




«/ q 


16$ 


t7 




1379 


e.9 



(KPB), h9X-aB?^0fe (Trts-ricl> . :f U ^ 

{S> -2-:^'^f>'-;l'OKffc>fiii. Z-'^^y><f>& 
Tiigl* < (S) -2-:r^y-^t B^<tatt|KE^<5>^ 
#^NAD' «:NADH jiqoi ) tCf^jtXM* 
U NADH<C^Se*tCf#^>«wi<J:>®^fea<^^*^a!l^ 
orcibO) ^SBEO/c. ft^caii^l 00it/:fcfa^<S 



10 0 57] [»fe«31 <2fflr>W=i-.1'tt*«B® 

KA^4;r«3£(U«TiS!l^t/^c^2(c^.l.fc» mmt^it 

[0053] 
[5&2] 



as ro 


so 


$T 


^5 


60 


^5 


$0 




56 


&5 




100 




0 



[^iM4] <2<a7JUS-Jlfi^6S3ftOpH^ 50 fi> 
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85 



hi^^-^sm^m^pH^. 0-9. 0. yu?>h>- 

citf^^y>igjB«pH5. 0-12. 0*T'3 0'C, 3 
[0 05 9] [«t6«6] <2t&r4.3-jUtt*SaS{ 
iSf?Stt4t3€l/B5 {CnRl^^<U 4 0*0. 10 



[0 06 01 i^m] <2arA'3-;u«*ssa^ 
[006 n 

t«3] 





«F it 


(piH) 










lOD 




60. 0 






SO 










50 




a. 3 






. 100 


HAW- 








100 


NAI>» 


3 A. 0 






100 


NAD* 


10. 4 






5Q 


NAD- 


7 


ft 




...^ 5 




«T. 7 






S 


MAD" 


0. 0 






5 




^9. 2 






30 


HAD* 








—'50 


naS- 


69. 3 






50 


NAD- 


1, 1 






90 


NAD* 


17. S 






30 


NAD- 


0. 8 






lOO 


NAD* 


42. B 






$0 


NAD' 


0. 1 






20 


MAD" 


40. 8 






90 


NAD- 


8. 2 






- IT 


WAD-* 


7. 8 



[S41 





as 5C 


(mil) 






it 

E 




100 


NAD* 


0. 3 




1 DO 


NAD* 


Q. 2 




xoo 


NAP' 


1. 0 




100 


NAD* 


2. 4 




lOQ 


NAD* 


i, 5 




100 


NAD* 


2. & 




100 


NAD* 


1. 2 




60 


NAD* 


2« 6 




SO 


MAD* 


2. 0 


fi 




100 


KADa 


IDO. 0 




100 


NADB 


123. 4 




20_ 

too ' 


NADR 


121. 8 




NAD^ 


76. 2 




100 


NADff 


41. 2 




iOO 


1«ADH 


19. « 



[^^7] (^iSTJi/s-.'i't&.ic^s^oni^aKcj^ 

2»7^Ua-A'BiJkS^W«:eii3C««*'C3 0*C, 3 50 



0^fS«^O. ^fiaaor^i^, 7fe»JS<^>3i£«: 1 0 0 
(00621 
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IS 16 





(mlyO 






1 


6 9. 0 




0. 05 


0. 0 




1 


21. 2 




1 


3 2. 0 




1 


XOZ. 5 




1 


Id. 0 




»> 


^ c. s 




1 


2 6. 6 


ZnC 


1 


X 6. A 




1 


0. 0 




1 


2 




0. 01 


d2. 7 










50 


B8. 0 



^fSttl*, iif^^xu^ h-.>u (DTT> , a-Kr 

J: otTSasgtcffi^^^ifc. 
[0 06 3] [^^ei <2»7>l^s-ibM*«S3l 
^5>7 a y^SJSS^mU'i 

H»:^-^aK pii9,o,w ®S*tt:isi^-c 0,53 iigo 

D5-J2(Jr ^^A) «r«ti. O.IX h y 7;U:4-ni9^fiC 
fC. 30 

[0064] A B 1 34:/Pf-^ 

[0 06 51 :^a7^^>i^-^r>-!^-:rj:-pTrft7esn 

[0 06 6] (^^9) <2ISTil^r2*-;l.MitcS@^S 
C/S&PCR:^'?-f^-(C|^^C i:l'^C. 15 fc, CmfflJC 40 

ai^r^Si^rs -/Bas^e^^s^n-SDNAffifilofa 

r&s£C/fCo Cia^H£J4=£:@flfC7KU^Co rxia. DMA 

[0067] [^«101 (^^l/f^v^'-^^^rv 
0 ^;3;]^&<C>%a#:D N AC35S!) 



fc, 25IILO IN VA.t^t'-JU, 0,1W 

V/%>4a^(£DTA> (CigSgb. #2^jS^>^S<£ 

tc. 12nl<i0 h l>X-i|SSc pre. 

4. ^ EOIA (CStSSL, MIC. O 1C» ( K 

% pil7.4, SPM euTA (C&ff^O, l9q/nL RNa5e< L>^5? 

is) 0.75taL «:ifi7llb, JTC, li^^^^a. 
^-hO, ^r^^RNA^^i^Ufc, RNA^R?^fe. 

p?^rt'^^fi^g€T^•-?fc&. x^ry->l.Jt»(Cj:9DNA 
«i|iKU S^iNl lu:^«(:^^PCRi^«^^DNA 

[0069] [Slfel^ll] <2ffi7;^a-'lS84c^ 
Ssae^P C R^ti j: 4& P 

ttt/^c^^'^f'f^^* '<^:^i^CV:3^aa#DNA TOn 
g «:;SC^PCRfl^55?S <vm Y 'J^-j£K35iB?S p 

& Q.aMI dfTF, O.Olft -tef7^>, 2UT^DNA^i;>* 
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[0070] (PCR^tc^-p-cieKat/ 

«DNAV-ir>-^-3 7 3A«C-fcD^SOfeg*» P 10 

^©^liiie. 7, 8«:t^oa:DNao^^. z/^-^ 

srfiB^S'- (B!lK:irt*s^^^(^gg3?y CAATTCWrOCDCT 
TPQGX CCRMI&M)« 3'- 0l!llCia(r)^^^^J TTC 

GWcrrooOTGnrnrc (crmep) *<k*^«i.^s:. 2«s^ 
r>i'r5-jl/JW4^S®S«:3-F'ri>DNA(C*s4i&'&R^ 20 

i.it3epcR5r^^-^-<J5iSfitEI6. 7, 6tt:5Ro 
ft.. 

[0 07 2] sfiPCR«>DNASla<bUr. ST. ^ + 
>^ f $r • ^^•^:ri^D->;^C5^<*DNAJ2:iaSiBS5S H 

JSSti <54'C, 3?^> , r^- 1^>J< (SO*C, 3C 
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SAME DNA AND PRODUCTION OF OPTICALLY ACTIVE ALCOHOL OR THE UKE BY THE SAME ENZYME 

(57)Abstract 

PURPOSE: To obtain a new enzyme useful for production of an alcohol an aldehyde or a ketone, especially for 
production of an optically active alcohol. 

CONSTITUTION: This enzyme can oxidize an alcohol in the presence of NAD+ as a coenzyme to synthesize a ketone 
or an aldehyde and can reduce a ketone or an aldehyde in the presence of NADH as a coenzyme to synthesize an 
alcohol. Aliphatic alcohols including aromatic-substituted alcohols are substrates in the oxidation reaction and a higher 
activity Is shown on the secondary alcohol than on the primary alcohol. S-form compound of 2-butanol is 
preferentially oxidized. Aldehydes or aliphatic ketones including aromatic-substituted ketones are substrates in the 
reduction reaction and the molecular weight is about 40000 (SDS-PAGE). The optimum pH is 8.5 to 9.5 in the case of 
oxidation reaction of S-2-butanol or 5.5 to 6.5 in the case of reduction of 2-butanone. A high activity is shown in a 
temperature range of 25 to 55° C and the optimum temperature is 50* C. This enzyme can be obtained not only form 
a cultured material of Candida parapsilosis IFOS 1 396 strain but from a cultured material of a gene recombinant strain. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The enzyme which has the physicochemical property shown in ** from ** of a degree. 
** Oxidize alcohol by using operation NAD+ (oxidization mold nicotinamide adenine dinucleotide) as a coenzyme, and 
generate a ketone or an aldehyde. Moreover, a ketone or an aldehyde is returned by using NADH (reduction type 
nicotinamide adenine dinucleotide) as a coenzyme, and alcohol is generated. 

** Consider as the substrate of oxidation reaction of fatty alcohol including substrate specificity aromatic substitution. 
As compared with the 1 st class alcohol, activity is high to the 2nd class alcohol. It oxidizes preferentially [ S 2-butanol 
]. Let an aliphatic series ketone including an aldehyde or aromatic substitution be the substrate of a reduction reaction. 

** It is about 40,000 when it measures by molecular weight SDS-PAGE. 

[Claim 2] Candida (Candida) The manufacture approach of an enzyme according to claim 1 which cultivates the 
microorganism which belongs to a group and produces the enzyme of claim 1, and is characterized by acquiring this 
enzyme fi'om a culture. 

[Claim 3] the microorganism which belongs to the Candida group in an approach according to claim 2 — Candida 
PARAPUSHIROSHISU (Candida parapsilosis) it is — approach characterized by things. 
[Claim 4] DNA which carries out the code of the enzyme according to claim 1. 

[Claim 5] DNA to which an amino acid sequence is substantially characterized by including the base sequence to which 
the code of the protein with which it is shown in drawin£ 6 , and 7 and 8 is carried out in DNA according to claim 4. 
[Claim 6] DNA to which an amino acid sequence is characterized by including the base sequence to which the code of 
the protein with which it is shown in drawing 6 . and 7 and 8 is carried out in DNA according to claim 5. 
[Claim 7] DNA to which an amino acid sequence is characterized by including the base sequence to which the code of 
a permutation, insertion, or the protein that carries out deletion is carried out for drawing 6 and the array as which it is 
indicated in 7 and 8 in DNA according to claim 5. 

[Claim 8] The vector characterized by including DNA according to claim 4 to 7. 

[Claim 9] The microorganism in which the transformation was carried out by DNA according to claim 4 to 7. 

[Claim 10] The manufacture approach of an enzyme according to claim 1 which cultivates a microorganism according to 

claim 9 and is characterized by acquiring an enzyme according to claim 1 from a culture. 

[Claim 11] The manufacture approach of alcohol characterized by making the microorganism which produces an 
enzyme according to claim 1 or this enzyme, or its processing object act on a ketone or an aldehyde, returning this 
ketone or an aldehyde, and manufacturing alcohol. 

[Claim 1 2] The manufacture approach of the optical-activity alcohol characterized by making the microorganism which 
produces an enzyme according to claim 1 or this enzyme, or its processing object act on an unsymmetrical ketone, 
returning this unsymmetrical ketone, and manufacturing optical-activity alcohol. 

[Claim 1 3] The manufacture approach of of the ketone or aldehyde characterized by making the microorganism which 
produces an enzyme according to claim 1 or this enzyme, or its processing object act on alcohol, oxidizing this alcohol, 
and manufacturing a ketone or an aldehyde. 

[Claim 14] The manufacture approach of the optical-activity alcohol which the microorganism which produces an 
enzyme according to claim 1 or this enzyme, or Its processing object is made to act on racemic-modification alcohol, 
and is characterized by acquiring the optical-activity alcohol which oxidizes preferentially and remains one side of an 
optical isomer. 

[Claim 1 5] The approach according to claim 11 to 1 4 characterized by making the enzyme, the microorganism 
according to claim 9. or its processing object of the microorganism origin according to claim 9 act 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the microorganism in which the transformation was carried out to 
manufacture of alcohol, an aldehyde, and a ketone, especially manufacture of opticahactivity alcohol by the 
manufacture approach of the useful new 2nd class alcoholic dehydrogenase and this enzyme, DNA which carries out 
the code of this enzyme, and this DNA, and the method of manufacturing alcohol, an aldehyde, a ketone, especially 
optical-activity alcohol using this enzyme. 
[0002] 

[Description of the Prior Art] As the 2nd class alcoholic dehydrogenase which a microorganism produces, it is 
thermostat ANAEROBIUMU BUROKKI which requires nicotinamide adenine dinucleotide phosphate (it abbreviates to 
NADP+ hereafter) as a coenzyme. (Thermoanaerobium brockii) The alcoholic dehydrogenase (J. Am.Chem.Soc.108 and 
162-169 (1986)) of the origin Is known, moreover, as the 2nd class alcoholic dehydrogenase which requires nicotinamide 
adenine dinucleotide (it abbreviates to NAD+ hereafter) as a coenzyme Pichia ESUPI NRRL-Y -11328 (PIchia 
sp.NRRL-Y-11328:Eur.J.Biochem.101 and 401-406 (1979)), Pseudomonas ESUPI SPD6 (Pseudomonas 
sp.SPD6:Bioorg.Chem.19 and 398-417 (1991)). Pseudomonas fluorescens NRRL B-1244 (Pseudomonasfluorescens 
NRRL B-1244: JP,59-17982,A), Pseudomonas malto filler MBllL (Pseudomonas maltophilia MBIILFEMS 
Microbiol.Lett93. 49-56 (1992)). Pseudomonas ESUPI PED (Pseudomonas sp.PED:J.Org.Chem.57 and 1526-1532 
(1992)). Pseudomonas ESUPI ATCC 21439 (Pseudomonas spATCC 21439:Eur.J.Biochem.1 19 and 359-364 (1981)), 
Candida BOIDINI SAHM (Candida boidinii SAHM:Biochim.Biophys.Acta 716 and 298-307 (1992)). Mycobacterium BAKAE 
JOB-5 (Mycobacterium vaccae JOB-5:J.Gen.Microbiol.131 and 2901-2907 (1985)), Rhodococcus RODOKUROUSU 
PNKbl (Rhodococcus rhodochrous PNKb1:Arch.MicrobioL153 and 163-168 (1990)). Comamonas TERIGENA 
(Comamonas terrigena:Biochim.Biophys.Acta 661 and 74-86 (1981)), Arthrobacter ESUPI The enzyme of the SBA 
(Arthrobacter sp.SBA: JP,51-57882A) origin is reported. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the stereoselectivity of the 2nd class alcoholic dehydrogenase of 
these is unsatisfying. For example, 2-butanol with most reports as a substrate of the 2nd class alcoholic 
dehydrogenase is received. (S) - 2-butanol is oxidized stereoselectively and the enzyme which has the activity which 
generates 2-butanone is not known (Pseudomonas ESUPI ATCC 21439 — ) Pseudomonas ESUPI SPD6, Comamonas 
TERIGENA, Candida BOIDINI SAHM Or Pichia ESUPI NRRL-Y -11328 In the enzyme to produce, R bodies oxidize 
preferentially. Pseudomonas fluorescens Stereoselectivity is not shown in the enzyme which NRRL B-1 244 produce. 
Mycobacterium BAKAE JOB-5, Rhodococcus RODOKUROUSU PNKbl, Pseudomonas ESUPI PED or Pseudomonas 
malto filler The stereoselectivity is not indicated in the enzyme which MB11L produces. In addition, although there is a 
report of oxidizing S bodies preferentially about 2-butanol (Arch.Biochem.Biophys., 1 26,933-944 (1 968), J.Biol.Chem., 
268, 7792-7798 (1993)), the 1st class alcoholic dehydrogenase (SADH I) of the baker's yeast (Saccharomyces 
cerevisiae) origin of the relative activity is very as low as about 1% of ethanol, and cannot bear practical use at all, 
[0004] That is, the 2nd class alcoholic dehydrogenase which oxidizes (S)-2-butanol preferentially was not known until 
now, but to find out the 2nd class alcoholic dehydrogenase with high stereoselectivity was desired strongly. 
[0005] Moreover, since it became possible to manufacture this enzyme in large quantities using the technique of gene 
engineering when cloning of the gene of this enzyme could be carried out, to carry out cloning of the gene which carries 
out the code of this enzyme was desired strongly. 
[0006] 

[Means for Solving the Problem] this invention persons are the microorganism which screens widely the microorganism 
which has the capacity which oxidizes (S)-2-butanol preferentially, and belongs to the Candida group, especially 
Candida PARAPUSHIROSHISU. (Candida parapsilosis) It found out having the capacity which oxidizes (S)-2-butanol 
preferentially. Furthermore, this microorganism was cultivated and the enzyme which oxidizes (S)-2-butanol from that 
fungus body was refined. And as a result of examining the property, it found out that this enzyme oxidizes 
(S)-2-butanol with high stereoselectivity, and oxidizing stereoselectively the 2nd class alcohol other than [ many of ] 
(S)-2-butanol further. 

[0007] That is, this invention offers the enzyme which has the physicochemical property shown in ** from ** of a 
degree. 

** Operation NAD+ It considers as a coenzyme, alcohol is oxidized and a ketone or an aldehyde is generated. 
Moreover, a ketone or an aldehyde is returned by using NADH as a coenzyme, and alcohol is generated. 
[0008] Consider as the substrate of oxidation reaction of fatty alcohol including substrate specificity aromatic 
substitution. As compared with the 1 st class alcohol, activity is high to the 2nd class alcohol. It oxidizes preferentially 
S 2-butanol ]. 

[0009] Let an aliphatic series ketone including an aldehyde or aromatic substitution be the substrate of a reduction 
reaction. 

[0010] It is about 40.000 when it measures by molecular weight SDS-PAGE. In addition, the physicochemical 

properties and enzymology-properties other than the above of the enzyme of this Invention are as follows. 

[0011] Optimal pH and the optimal pH of stable pH (range S)-2-butanol oxidation reaction are 8.5-9.5. The optimal 

pH of a 2-butanone reduction reaction is 5.5-6.5. 

[0012] It is comparatively stable by pH 8.0-10.0. 



[001 3] ** Activity is high in the 25-55 degrees C of the range of operation optimal temperature, and 50 degrees C is 
optimum temperature. 

[0014] ** It has 90% or more of residual activity also after heat treatment for [ condition 40 degrees-C J 10 minutes of 
deactivation by temperature. 

[0015] It Is prevented with SH reagents, such as inhibition and a stabilization Para hydroxybenzoic acid, a mercury 
chloride, a copper chloride, a zinc chloride, and N-ethyl male! mide. Although it is prevented by 2-mercaptoethanol of a 
reducing agent, and dithiothreitol and is prevented by o-phenanthrolin. it is not prevented in ethylenediaminetetraacetic 
acid. 

[001 6] ** It can refine by combining the purification approach of purification approach usual protein suitably. For 
example, by performing protamine sulfuric-acid precipitation after crushing a fungus body, salting out the centrifugal 
separation supernatant liquid using an ammonium sulfate, and combining an anion-exchange chromatography, a canal 
chromatography, and the gel filtration further, it can refine until it becomes a single band by 
sodium-dodecyl-sulfate-polyacrylamlde gel electrophoresis (it abbreviates to SDS-PAGE hereafter). 
[0017] ** Although it has set to isoelectric point isoelectric focusing and the band of shoes was generated, the 
isoelectric point of main bands was 6.7. 

[0018] In addition, measurement of all the 2nd class alcoholic dehydrogenase activity including an example detail in the 
letter [ this ] was performed by the approach shown below. 50micro (pH9.0) of namely, tris-hydrochloric-acid buffer 
solutions mol NAD+2.5 mumol (S)-2-butanol 50micromol And 340nm which is made to react at 30 degrees C among the 
reaction mixture containing an enzyme, and originates In generation of NADH Increase of an absorbance was measured. 
1U Is in 1 minute. Imicromol It considered as the amount of enzymes which carries out the catalyst of the generation 
of NADH. 

[0019] Moreover, this invention offers DNA which carries out the code of the 2nd class alcoholic dehydrogenase. That 
is, this invention persons digested the refined 2nd class alcoholic dehydrogenase by RIJIRU proteinase, and determined 
a part of amino acid sequence by the protein sequencer after refining the fragment cut by Opposition HPLC, It is PGR 
(Polymerase Chain Reaction) based on the acquired amino acid sequence. The ** primer Is compounded and it is 
Candida PARAPUSHIROSHISU. (Candida parapsilosis) PCR which used Chromosome DNA as mold was performed, a 
part of gene which carries out the code of the 2nd class alcoholic dehydrogenase was amplified, and the base sequence 
(core array) was clarified. Furthermore, it is Candida PARAPUSHIROSHISU In order to clarify the base sequence of the 
boundary region of the acquired DNA array (core array). (Candida parapsilosis) Restriction enzyme with which the 
recognition sequence does not exist Chromosome DNA during a core array Haell It digested, self-cyclization of the 
generated DNA fragment was carried out by T4 ligase, and the template DNA for reverse PCR (Nucleic Acids Res.16 
and 8186) (1988) was prepared. Next, the primer used as the start point of DNA synthesis which goes to the outside of 
a core array was compounded based on the core array, and the boundary region of a core array was amplified by 
reverse PCR on it As a result of clarifying the base sequence of obtained DNA, it checked that all the coding regions 
of drawing 6 and the 2nd class alcoholic dehydrogenase shown in 7 and 8 were contained in DNA which carried out 
self-cyclization. Furthermore, the manifestation product in the inside of the Escherichia coli host of the gene which 
carried out cloning checked having the same activity as the 2nd class alcoholic dehydrogenase of the Candida 
PARAPUSHIROSHISU origin. 

[0020] DNA which carries out the code of the 2nd class alcoholic dehydrogenase of the invention in this application is 
characterized by having the activity of the 2nd class alcoholic dehydrogenase, and an amino acid sequence including 
substantially drawing 6 and the base sequence to which the code of the protein with which It is shown in 7 and 8 is 
carried out As long as ''it is substantial" has the activity of the 2nd class alcoholic dehydrogenase. It is shown here 
that there may be some deletion of amino acid. Insertion, a permutation, etc. about drawing 6 and the amino acid 
sequence shown in 7 and 8. Although it cannot be overemphasized that DNA which turns into DNA of this invention 
from drawing 6 and 1008 bases shown in 7 and 8 is contained, the Invention In this application is not restricted to this. 
^In addition, it can perform suitably changing DNA so that some deletion of amino acid, insertion, a permutation, etc. may 
be produced about the amino acid sequence In which DNA carries out a code by the well-known approaches, such as 
the site-specific mutation introducing method for having used the synthetic oligonucleotide. Moreover, DNA into which 
variation was introduced at random can be obtained by using as mold DNA which changed suitably DNA or this DNA 
containing drawing 6 and 1008 bases shown in 7 and 8, making low concentration of the bottom of existence of Mn2+ 
ion (usually 0.5-10 concentration of mM), or a specific nucleotide, and performing the PCR method. Thus, it cannot be 
overemphasized that what carries out the code of the protein which has the activity of the 2nd class alcoholic 
dehydrogenase among obtained DNA Is contained in the Invention in this application. 

[0021] Furthermore, this invention offers the microorganism which has the 2nd class alcoholic dehydrogenase 
productivity to which the transformation of the amino acid sequence was substantially carried out by drawing 6 and 
DNA to which the code of the protein with which It is shown in 7 and 8 is carried out 

[0022] The microorganism set as the object of a transformation in this Invention A transformation is carried out by 
DNA which carries out the code of the polypeptide which has the 2nd class alcoholic dehydrogenase activity. As long 
as it is the microorganism which can discover the 2nd class alcoholic dehydrogenase activity, what kind of thing may be 
used. Specifically ISHIERIHIA (Escherichia) A group, a bacillus (Bacillus) group, and Pseudomonas (Pseudomonas) A 
group, a Serratia (Serratia) group, a BUREBI bacterium (Brevibacterium) group, and KORINEBAKUTERIIUMU 
(Corynebacterium) Group, A streptococcus (Streptococcu) group and Lactobacillus (Lactobacillus) Hosts, such as a 
group, the bacteria with which the vector system is developed, Saccharomyces (Saccharomyces) A group and Clive 
ROMAISESU (Kluyveromyces) A group and Schizosaccharomyces (Schlzosaccharomyces) A group and a 
CHIGOSAKKAROMAISESU group (Zygosaccharomyces), The Yarrowia (Yarrowia) group, the Trichosporon 
(Trichosporon) group, A RODOSUPORIJIUMU (Rhodosporidium) group and Hansenula (Hansenula) Group, The Pichia 
(Pichia) group and Candida (Candida) Yeast such as a group, A noy ROSUPORA (Neurospora) group and Aspergillus 
(Aspergillus) A group, a cephalosporium (Cephalosporium) group, and Trichoderma (Trichoderma) The mold belonging to 
a group etc. is contained. 

[0023] The procedure thru/or the approach itself for production of a transformant can be performed according to the 
technique commonly used in the field of molecular biology, bionics, and gene engineering. 

[0024] In order to make the gene of this invention discover in a microorganism, it is necessary to insert this gene Into 
the plasmid vector which exists in stability in a microorganism first or a phage vector. Moreover, in order to make DNA 
of this invention discover in a microorganism, it is necessary to make the genetic information which it has imprint and 



translate. For that purpose, he is the promotor who hits the unit which controls an imprint and a translation 5' of DNA 
of this invention - It is a terminator to the side upstream 3' - What is necessary is just to include in a side lower 
stream of a river, respectively. It is necessary to use the promotor and terminator with which functioning as this 
promotor and a terminator into the microorganism used as a host is known, these various microorganisms setting — 
an available vector, a promotor, a terminator, etc. — being related — "microbiology basic lecture 8 gene engineering 
and KYORITSU SHUPPAN' — especially — yeast — being related — "Adv.Biochem.Eng.43 and 75-102" (1990), or 
"Yeast 8 and 423-488" (1992) etc. — it is described by the detail. 

[0025] For example, in an ISHIERIHIA group, especially Escherichia coli ISHIERIHIA KORI (Escherichia coli), it is 
possible as a plasmid vector to use pBR and a pUC system plasmid, and it is lac (the promotor originating in 
gamma-galactosidase, trp (tryptophan operon), tac (fusion of lac and trp), lambda phage PL, PR, etc. can be used.). 
Moreover, as a terminator, it is trpA. The origin, the phage origin A rmB RIBOSO mull terminator etc. can be used. 
[0026] It sets to Bacillus and is a pUBIlO system plasmid and pC194 as a vector. A system plasmid etc. is available 
and can also make it insert in a chromosome directly, moreover — as a promotor and a terminator apr (alkaline 
protease), npr (neutral protease), and amy (alpha-amylase) etc. — it can use. 

[0027] Pseudomonas — setting — Pseudomonas putida (Pseudomonas putida) and Pseudomonas SEPASHIA 
(Pseudomonas cepacia) etc. — plasmid which the host-vector system is developed and participates in disassembly of a 
toluene compound TOL Extensive host range vector (a gene required for the autonomous duplicate originating in 
RSF1010 etc. is included) pKT 240 based on a plasmid etc. — it is available and a lipase gene (JP,5-284973,A) etc. can 
be used as a promotor and a terminator. 

[0028] Brevibacterium — especially — BUREBI bacterium RAKUTO fur mentum (Brevibacterium lactofermentum) 
setting — pAJ43 (Gene [ 39 ] and 281 (1985)) etc. — a plasmid vector is available and the promotor and terminator 
which are used with Escherichia coli are available as it is as a promotor and a terminator. 

[0029] In Corynebacterium, especially Corynebacterium guru TAMIKAMU (Corynebacterium glutamicum), the plasmid 
vector (Mol.Gen.Genet. 196 and 175) (1984) of pCSlI (JP.57-183799,A), pCBIOI, etc. is available. 
[0030] In a streptococcus (Streptococcu) group. pHV1301 (FEMS Microbiol.Lett26 and 239 (1985)). pGKI 
(Appl.Environ.MIcrobiol.50 and 94 (1 985)), etc. are available as a plasmid vector. 

[0031] Lactobacillus (Lactobacillus) In the group, it was developed for streptococcus groups. pAMbetal etc. is available 
(J. Bacteriol.137 and 614) (1979), and the ****** thing used with Escherichia coli as a promotor is available. 
[0032] Saccharomyces (Saccharomyces) A group, especially Saccharomyces SEREBIJIAE (Saccharomyces cerevisiae) 
It sets and is YRp. A system and YEp A system and YCp A system and Yip A system plasmid is available, and since the 
integration vectors (EP 537456 etc.) using the homologous recombination by the ribosomal DNA which recognizes 
multi-copy existence into a chromosome can introduce a gene by many copies and can hold a gene to stability, they 
are very useful. Moreover, ADH (alcoholic dehydrogenase), GAPDH (glyceraldehyde-3-phosphate dehydrogenase). PHO 
(acid phosphatase), GAL (the promotor of gamma-galactosidase, PGK (phosphoglycerate kinase). ENO (enolase). etc. 
and a terminator are available, and it is **.) 

[0033] In the Clive ROMAISESU group, especially Clive ROMAISESU RAKUTISU (Kluyveromyceslactis) Saccharomyces 
SEREBIJIAE origin 2 micrometers A system plasmid and pKDI System plasmid (J. Bacteriol.145 and 382-390 (1981)). It 
participates in killer activity. pGKII Origin plasmid, Autonomous replication gene KARS in the Olive ROMAISESU group 
By homologous recombination by the system plasmid, ribosomal DNA, etc. The vector plasmids (EP 537456 etc.) which 
can be integrated in a chromosome are available, moreover. ADH and PGK etc. — the originating promotor and 
terminator are available. 

[0034] Schizosaccharomyces (Schizosaccharomyces) It sets to a group and is the Schizosaccharomyces POMBE 
origin. ARS (gene which participates in autonomous replication) And a plasmid vector including the selective marker 
which carries out the complementation of the auxotroph of the Saccharomyces SEREBIJIAE origin is available 
(Mol.Cell.Biol.6 and 80 (1986)). Moreover, the Schizosaccharomyces POMBE origin ADH A promotor etc. can use 
(EMBO J.6 and 729 (1987)). 

[0035] CHIGOSAKKAROMAISESU group (Zygosaccharomyces) It sets. GHIGOSAKKAROMAISESU ROUKISHI 
(Zygosaccharomyces rouxii) Origin The plasmid vector originating in pSB3 (1985) (Nucleic Acids Res.13 and 4267) etc. 
is available. Saccharomyces cervisiae origin PH05 A promotor, GHIGOSAKKAROMAISESU ROUKISHI origin GAP-Zr 
(glyceraldehyde-3-phosphate dehydrogenase) A promotor (Agri.Biol.Chem.54 and 2521 (1990)) etc. is available. 
[0036] Hansenula (Hansenula) In the group, the host-vector system is developed in Hansenula poly MORUFA 
(Hansenulapolymorpha). Although the gene (HARS1, HARS2) which participates in the Hansenula poly MORUFA origin 
autonomous replication is also ayailable as a vector, since it is comparatively unstable, the multi-copy integration to a 
chromosome is effective (Yeast 7 and 431-443 (1991)). Moreover, it is guided with a methanol etc. AOX (alcohol 
oxidase) and FDH (formic-acid dehydrogenase) A promotor etc. is available. 

[0037] the Pichia (Pichia) group — setting — Pichia pastoris (Pichia pastoris) etc. — gene which participates in the 
Pichia origin autonomous replication (PARSl. PARS2) etc. — the used host-sector system is developed (Mol.Cell.Biol.5 
and 3376 (1985)), and it can guide with high concentration culture and a methanol AOX etc. — a strong promotor can 
use (Nucleic Acids Res.15 and 3859 (1987)). 

[0038] Candida (Candida) In the group, the host-vector system is developed in Candida mull TOSA (Candida maltosa), 
the Candida albicans (Candida albicans), Candida tropicalis (Candida tropicalis). etc. In Candida mull TOSA, cloning of 
the Candida mull TOSA origin ARS is carried out (Agri.Bio!.Chem.51 , 51. and 1587 (1987)). and the vector using this is 
developed. 

[0039] Aspergillus (Aspergillus) In a group, it most often in mold inquires, the integration to a plasmid or a chromosome 
is available, and the protease outside a fungus body and the promotor of the amylase origin are available (Trends in 
Biotechnology 7 and 283-287 (1 989)). 

[0040] Trichoderma (Trichoderma) In a group, the host vector system using Trichoderma RIZEI (Trichoderma reesei) is 
developed, and the cellulase gene origin promotor outside a fungus body etc. can use (Biotechnology 7 and 596-603 
(1989)). 

[0041] The enzyme of this invention is Candida (Candida). It can manufacture by cultivating the gene recombination 
object to which the gene which carries out the code of the microorganism which produces the enzyme which has the 
property shown in ** from the following ** belonging to a group, its variant or this enzyme was introduced into the 
microorganism host of a different kind, and this enzyme productivity was given etc. 

[0042] ** Operation NAD+ It considers as a coenzyme, alcohol is oxidized and a ketone or an aldehyde is generated. 



Moreover a ketone or an aldehyde is returned by using NADH as a coenzyme, and alcohol is generated. 

[0043] *** Consider as the substrate of oxidation reaction of fatty alcohol including substrate specificity aromatic 

substitution. As compared with the 1st class alcohol, activity is high to the 2nd class alcohol. It oxidizes preferentially 

[W44]^et an aliphatic series ketone including an aldehyde or aromatic substitution be the substrate of a reduction 

reaction. nKr^c 

[0045] ** It is about 40,000 when it measures by molecular weight SDS-PAUt. . , . 

[0046] Furthermore, the microorganism (a variant and a gene recombination microorganism are included) containing the 

2nd class alcoholic dehydrogenase or this enzyme of this invention or its processing object The 2nd class alcohol of 

aliphatic series which may be permuted by aromatic series, for example. 2-butanol, 2-octanol, phenyl ethanol. 

1 3-butanediol. It is made to act on racemic-m edification alcohol, such as beta-hydroxy-n-butanoic acid ethyl ester. 

When an optical isomer oxidizes only on the other hand (it sets to 2-butanol. 2-octanol. phenyl ethanol, 1 ,3-butanediol, 

and beta-hydroxy-n-butanoic acid ethyl ester, and they are the S bodies) The optical-activity alcohol Cit sets to 

2-butanol. 2-octanol. phenyl ethanol, 1 .3-butanediol. and beta-hydroxy-n-butanoic acid ethyl ester, ana^they are the R 

bodies) of another side is producible. It is coenzyme NAD+ by this oxidation reaction. It is returned and NADH 

generates • 
[0047] Generated NADH is NADH which a microorganism has NAD+ By the capacity to change it is NAD+. It is 
convertible (playback). Moreover, they are NADH(s). such as glutamic dehydrogenase, glucose dehydrogenase. NADH 
dehydrogenase, and NADH oxidase, NAD+ It is NAD+ by adding the microorganism containing the enzyme which has the 
activity which oxidizes, or these enzymes, or its processing object to the system of reaction. It is also reproducible. 
Moreover it Is NAD+ with one kind of enzyme using the substrate specificity of the enzyme of this invention by making 
the substrate of the reduction reaction of these cheap enzymes, such as an acetone and 2-butanone, live together in 
the system of reaction. Playback can also be performed to coincidence. . . ^ i.. l. j 

[0048] Moreover, the microorganism (a variant and a transformation microorganism are included) which produces the 
2nd class alcoholic dehydrogenase or this enzyme of this invention, or its processing object can be made to be able to 
act on the ketone body, and optical activity alcohol can be produced For example. (S)-^)eta-hydroxy-ri-biJtanoic acid 
ester etc is producible from (S)-2-butanol from 2-butanone, the (S)-2-octanoI fi-om 2-octanone. the CS)-1 -phenyl 
ethanol from an acetophenone, (S)-1 .3-butanediol from 4-hydroxy-2-butanone. and acetoacetic ester. Coenzyme 
NADH oxidizes by this reduction reaction, and it is NAD+. It generates. _ 
[0049] Generated NAD+ For example, NAD+ which a microorganism has It is convertible for NADH with the capacity 
changed into NADH (playback). This NAD+ Reduction activity can be promoted by adding a glucose, ethanol, a formic 
acid etc to the system of reaction. Moreover, they are NAD+, such as formic-acid dehydrogenase, a malate 
dehydrogenase, and glucose dehydrogenase, to the system of reaction. It is NAD+ by adding the microorganism 
containing the enzyme which has the capacity returned to NADH. or these enzymes, or its processing object It can 
also return Moreover, one kind of enzyme can also perform the regenerative reaction of NADH to coincidence using 
the substrate specificity of the enzyme of this invention by adding substrates of oxidation reaction, such as isopropanol 
and ethanol, to the system of reaction. 
[0050] 

[Example] Hereafter, although an example explains this invention in more detail, this invention is not limited to this. 
[0051] [Example 1] (purification of the 2nd class alcoholic dehydrogenase) u . 

Candida PARAPUSHIROSHISU IFO 1396 The stock was cultivated by YM culture medium (glucose lOg, bacto peptone 
5g, 3g of yeast extracts, malt extract 3g/L. pH6.0). and the fungus body was prepared according to centriftjgal 

[Oola^Extra-high voltage cell shredding equipment removed obtained ******, centrifugal separation removed fungus 
body residue after crushing a fungus body, and the cell-free extract was obtained. The protamine sulfuric acid was 
added to this cell-free extract, and a nucleic acid and microsome were removed. The fractions which added the 
ammonium sulfete to the supernatant liquid obtained according to centrifugal separation, and precipitated in saturation 
to it 70% were collected. Furthermore, the anion exchange chromatography using Q-sepharose FF was performed, 
concentration gradient elution of a sodium chloride was performed, and the peaks which have the 2nd class alcoholic 
dehydrogenase activity were collected. It added to the phenyl-sepharose which equilibrated the obtained fraction with 
the buffer solution containing 1.62M ammonium sulfate, and the canal chromatography was performed. 
Ammonium-sulfate concentration was decreased to CM. and the 2nd class alcoholic dehydrogenase activity fi-actions 
were collected (the measuring method of enzyme activity was performed by the above-mentioned approach). This 
activity fi-action was added to the affinity column of red-sepharose, the bypassing fi-action was added in the 
gel-filtration column of Superdex 200. and the gel filtration was performed. Activity fi-actions were collected, it added in 
mono-Q columns, the anion-exchange chromatography was performed using the concentration gradient of a sodium 
chloride, purity assay was performed for the activity fr-action by SDS-PAGE. and only the ft-actions which show a single 
band were collected. ^ . 

[0053] In polyacrylamide gel electrophoresis (Native-PAGE). as for the obtained 2nd class alcoholic dehydrogenase 
preparation, a band major [ one ] and several approaching thin bands were seen. It was a single band, as a result of all 
bands' having the 2nd class alcoholic dehydrogenase activity and analyzing this enzyme preparation by SDS-PAGE as a 
result of activity staining. / . . h \ 

[0054] The molecular weight of the band in SDS-PAGE was about 40000 ( drawing 1 ). 

[0055] Although the epitome of purification was shown in Table 1. the specific activity of a purification enzyme was 

1370U/mg-protein. 

[0056] 
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[Example 2] (optimal pH of the 2nd class alcoholic dehydrogenase) 

The 2nd class alcoholic dehydrogenase A potassium-phosphate buffer solution (KPB), the tris-hydrochloric-acid buffer 
solution (Tris-HClX pH is changed using Britton-Robinson buffer solution. The oxidation activity of (S)-2-butanol. The 
reduction activity (what replaced NAD+ with NADH (0.4 mumol), measured it the condition at the time of (S)-2-butanol 
oxidation activity measurement and measured reduction with an absorbance [ accompanying reduction in NADH ] of 
340nm) of 2-butanone was measured. The maximum activity was expressed with the relative activity set to 100, and it 
was shown in drawing 2 and drawing 3 . (S)-2-butanol oxidation reaction was [ 8.5-9.5. and the reduction reaction of 
2H3utanone of the optimal pH of a reaction ] 5.5-6.5. 

[0057] [Example 3] (operation optimum temperature of the 2nd class alcoholic dehydrogenase) 
It was shown in Table 2 which only temperature was changed and measured the 2nd class alcoholic dehydrogenase 
activity among standard reaction conditions. Optimum temperature was 50 degrees C. 
0058] 
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[Example 4] (pH stability of the 2nd class alcoholic dehydrogenase) 

The residual activity after 30 degrees C and the processing during 30 minutes was measured in the 
tris-hydrochloric-acid buffer solution pH 8.0-9.0 and Britton-Robinson-buffer-solution pH 5.0-12.0, and it was shown In 
drawing 4 . In pH 8.0-10.0, it was the most stable. 

[0059] [Example 5] (thermal resistance of the 2nd class alcoholic dehydrogenase) 

After leaving the 2nd class alcoholic dehydrogenase for 10 minutes by pH8.0, residual activity was measured and it was 
shown in drawing 5 . It had 90% or more of residual activity also after 40 degrees C and heat treatment for 10 minutes. 
[0060] [Example 6] (substrate specificity of the 2nd class alcoholic dehydrogenase) 

The 2nd class alcoholic dehydrogenase is reacted with various alcohol and an aldehyde, and it is the activity of the 
oxidization and a reduction reaction. It expressed with the relative activity which set oxidization of (S)-2-butanol. and 
reduction of 2-butanone to 100, respectively, and was shown in Table 3 and 4. 
[0061] 
[Table 3] 





S M 












X V VI 


NAD* 


60. 0 






s n 

0 u 


NAD* 
NAD* 


10 0 0 

'""'air 3"^ 


fix 


V.flOj^ y 7 / '•'^ 


1 0 D 

• X \J \I 


NAD* 


4 3. 5 




7 / 


inn 

X \J \J 


NAD * 


3 4? o ~ 




0 ^ ^ y ^ 


100 


NAD* 


10. 4 




6 ^ *r TT / "'^ 


50 


NAD* 


2 7. 7 




4 ^ J ^A/' 

\oj^£i ^ y 7 ^ 


5 


NAD* 


6 7. 7 




\t^j L ^ y 7 f '•^ 


5 


NAD* 


0> 0 




njc^ 0—+ /r <!r / — /I/ 
V-KoJ-Z"^ V 7 / 


s 

V 


NAD* 


39, 2 








NAD* 


52. 8 






D u 


Si n-U 


00. 0 






0 U 


M A Ti + 

n /i u 


1 1 






R A 
0 U 


n A u 


1 "7 p 

A 1 • 0 






0 V 


N A n* 

IN A 








10 0 


NAD* 


4 2. 6 






50 


NAD* 


0. 1 






20 


NAD* 


4 0. 8 




($)-l-7i/-2-rarty-/)' 


50 


NAD* 


3. 2 






50 


NAD* 


7. 9 



[Table £ 





IS K 


(mM> 










100 


NAD* 


0. 3 




100 


NAD* 


oTT" 




100 


NAD* 


iTT" 




100 


NAD* 


2. 4 




100 


NAD* 


1. 5 




100 


NAD* 


"27T' 




100 


NAD* 
N^D* 


1. 2 

2T r* 


(S)-1.2-rtrAy^-* 


50 




■50 


NAD** 


'2. 0"" 


R 




100 


NADH 


100. 0 




100 


NADH 


123. 4 




20 


NADH 


121. 8 




100 


NADH 


7 6. 2 


4-kFB^5r-2-ym 

*'*3-rFi45''^?/fi^2-^^^^^^ 


100 

"Too" 


NADH 

n'ad^ 


41. 2 



[Example 7] (behavior to the inhibitor of the 2nd class alcoholic dehydrogenase) 

30 degrees C of the 2nd class alcoholic dehydrogenase were processed for 30 minutes in various reagents, and the 
activity after processing was expressed with the residual activity which set unsettled activity to 100. and was shown 
Table 5. 
[0062] 
[Table 5] 
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Enzyme activity was notably checked by dithiothreitol (DTT), an iodoacetamide, the Parakou Rollo mercury benzoic 
acid, a mercury chloride, a zinc chloride, high-concentration metal KIRETA, and 2-mercaptoethanol. 
[0063] [Example 8] (analysis of the partial amino acid sequence of the 2nd class alcoholic dehydrogenase) 
The refined 2nd class alcoholic dehydrogenase 0.153mg 50mM Tris-hydrochloric acid pH 9.0, 4M It is under [ urea ] 
setting. 0.53 mug 30 degrees C was digested by RIJIRU proteinase for 6 hours. It is Opposition HPLC (TOSOH make 
TSK obs-120T column) about the cut peptide fragment It uses and is 0.1%. The gradient elution of the acetonitrile in 
trifluoroacetic acid separated, and it isolated preparatively. .j . , j 

[0064] Protein sequencer 477made from ABI A determined the amino acid sequence for the peptide isolated 

preparatively. ... ^ j ■ e j *u 

[0065] The underline showed the amino acid sequence detennined by the protein sequencer to drawing 6 and the amino 

acid sequence of 7 and 8. ili -il-i n 

[0066] [Example 9] (PGR cloning of the gene which carries out the code of the 2nd class alcoholic dehydrogenase; 
The DNA array expected from the amino acid sequence of the part near the amino terminal of the 2nd class alcoholic 
dehydrogenase is compounded in consideration of degeneracy, and it is a mixed PGR primer (GpN). It carried out 
Moreover, it is another mixed PGR primer (GpT10) about the complementary array of the DNA array expected from the 
amino acid sequence of the part near a G terminal. It compounded by carrying out These arrays were shown in drawing 
9 In addition, DNA synthesizer 381 made from ABI A performed composition of DNA. 
[0067] [Example 10] (preparation of the chromosome DNA from Gandida PARAPUSHIROSHISU) 
Candida PARAPUSHIROSHISU IFO 1396 YEPD culture-medium (1% yeast extract 2% poly peptone. 2% glucose) lOOmL 
It cultivated in inside and centrifugal separation recovered the fungus body. Fungus body 25mL 1M A sorbitol and 0.1 M 
It **!M<ed) to ethylenediaminetetraacetic acid (EDTA) and centrifugal separation recovered the fungus body again. 
Collected fungus body lOmL 50mM Potassium phosphate buffer solution pH 7.5. 1M A sorbitol and 0.1M 2 - It suspends 
in mercaptoethanol and is 2.5 mg/mL further. They are 0.4mL(s) about a zymolyase. It added and the protoplast was 
formed by incubating at 30 degrees C. The speculum recovered the protoplast formation check-back and centrifugal 
separation recovered the fungus body. About the collected fungus body, it is 12mL 50mM Tris-hydrochloric acid pH 7.4 
and 20mM EDTA It ***♦ and is 1.2mL further. It mixed with the sufficient SDS (sodium dodecyl sulfate) addition-back 
10%. 3.6mL after 65 degrees C incubates for 30 minutes in this condition 5M Potassium acetate pH5.0 It added, and 
was left for 60 minutes in Hikami, and denaturation precipitate of the protein was carried out 

[0068] Centrifugal separation separated denatured protein, equivalent isopropanol was added at the room temperature 
after collecting supernatant liquid, and it mixed slowly. DNA which precipitated according to centrifugal separation is 
collected and they are after desiccation and 15mL lOmM Tris-hydrochloric-acid buffer solution pH 7.4. ImM EDTA It 
dissolves and is 1 mg/mL RNase (RNase) 0.75mL It adds and is 37 degrees C and 1. Time amount incubation was 
carried out and RNA with which are contaminated was decomposed. After RNA decomposition, after performing a 
phenol extract a phenol/chloroform extraction, and a chloroform extraction, ethanol precipitate recovered DNA and it 
considered as the template DNA of the PGR reaction in an example 11. 

[0069] [Example 11] (cloning by the PGR method of the 2nd class alcoholic dehydrogenase gene) 
Two kinds of mixed PGR primer (GpN and GpTIO) lOOpmol(s) compounded in the example 9 In an example 10 The 
prepared Gandida PARAPUSHIROSHISU chromosome DNA 50ng(s) The included buffer solution for PGR (lOmM 
tris-hydrochloric-acid buffer-solution pH 8.3, 50mM potassium chloride, 1.5mM magnesium chloride, ** 0.2mM dNTP, 
and 001% gelatin and 2U TaqDNA polymerase (Roche A,G. make)) is prepared Magnification DNA was checked for 
thermal denaturation (94 degrees G, 30 seconds), annealing (45 degrees G. 30 seconds), and an expanding reaction (a 
part for 60 degrees G and 2) by agarose gel electrophoresis after cooling to 30 cycle deed and 4 **. 
[0070] [Example 1 2] (subcloning of DNA amplified by the PGR method) 

DNA amplified by the PGR method in the example 11 SureClone LigationKrt (Pharmacia manufacture) pUC18 As a 
result of carrying out subcloning and DNA sequencer 373made from ABI A's determining the base sequence, an PGR 
primer array is included. It consisted of 971 bases. The array is a primer among drawing 6 and DNA shown in 7 and 8. 
GpN And GpTIO It is the part which hits in between. This array is henceforth described as a core array. 
[0071] [Example 13] (cloning of the core array circumference array by the reverse PGR method) 
5' of a core array - Complementary array GAATTGAGGCGGTTTGGGG (GPA-MUN) of a part near a side, and 3* - 
Array of the part near a side TTCGAATCTTGGGATGTTTTTG (GPA-NSP) Ghemosynthesis was carried out The 
location of the compound reverse PGR primer in DNA which carries out the code of the 2nd class alcoholic 



dehydrogenase was shown in drawiogjB . and 7 and 8. p^ma ro ^-^ 

[0072] As DNA mold of reverse PGR, it is a restriction enzyme about the chromosome DNA of Candida 
PARAPUSHIROSHISU first Haell It digested and seff-cyclization of the digest was earned out using T4 DNA ligase. 
This self-ring ghost 50ng. primer which carried out chemosynthesis CPA-MUN And CPA-NSP Respectively 20pmol 
The cycle of thermal denaturation (94 degrees C. 30 seconds), annealing (50 degrees C, 30 seconds), and an expanding 
reaction (a part for 70 degrees C and 2) was performed 30 times using the included buffer solution for PGR (thing given 
in an example 11). They are an example 12 and this appearance about the amplified DNA fragment SureGlone Ligation 
Kit (Pharmacia manufacture) is used. pUC18 Subcloning was earned out and DNA sequencer 373made from ABI A 
determined all base sequences. 

[0073] The amino acid sequence in which ail the base sequences of DNA and this DNA which carry out the code of the 
2nd class alcoholic dehydrogenase obtained by PGR and reverse PGR carry out a code was summarized to drawing 6 , 

[0074]TExample 1 4] (composition using the PGR method of the gene which carries out the code of the 2nd class 
alcoholic dehydrogenase) , ^ . • i * 

First the restriction enzyme part was introduced by the PGR method using the primer, an example — ten — setting — 
having obtained — DNA — mold — ** — carrying out — a primer — ****** — EcoRl — a restriction enzyme — a 
part — containing — five — ' - a primer — GPA-ATG — " . . ^ . . 

(5 -TGGGGAATTGAATGTCAATTGGATGAAGGGAG-3') — Bgffl — a part — containing — three a primer -- 

GPA-TAG — " (5'-AGATGTTAGTATGGATTAAAAAGAAGTGTA-3') the DNA fragment of about 1030 bp(s) — 
the PGR method — amplifying — a gene fragment — having obtained . DNA synthesizer by ABI company 381 A 
performed composition of DNA. and the PGR reaction was performed like the example 11. 
[0075] [Example 15] (subcloning of DNA amplified by the PGR method) 

PGR fragment amplified by the example 14 It connected with the Smal part of a plasmid pUG18 multi-cloning site in 
SureGlone Ligation Kit (Pharmacia manufacture) ( drawing 10 ). The built plasmid (pGPA6R) was inserted in the reverse 
sense with the lactose promoter (contained in the part shown by "lacZ among drawing). 

[0076] [Example 16] (construction of the 2nd class alcoholic dehydrogenase gene expression plasmid pKK-GPAl) 
Furthermore subcloning of the 2nd class alcoholic dehydrogenase was carried out to the expression vector pKK 223-3 
(product made from FARUMASHH), and pKK-GPAl was built The construction approach of pKK-GPAl is as follows. 
The 2nd class alcoholic dehydrogenase gene expression vector pKK-GPAl was built by extracting the fragment which 
has the 2nd class alcoholic dehydrogenase after cutting by EcoRI (TAKARA Go., Ltd. make) and Hindffl (TAKARA Go.. 
Ltd make), after carrying out EcolGRI (pro megger company make) digestion of the pGPA6R and connecting a Hindlll 
linker (TAKARA Co.. Ltd. make), and connecting with what cut the expression vector pKK 223-3 with restriction 
enzymes EcoRI and Hindlll ( drawing 1 1 ). 

[0077] [Example 17] (production of the 2nd class alcoholic dehydrogenase) 

ISHIERIHIA KORI JM 109 (Esherichia coli) The 2nd class alcoholic dehydrogenase production strain was created by 
preparing a competent eel and carrying out a transformation by expression vector pKK-GPAl, 30 degrees G of this 
strain were cultivated for 3 hours in LB culture medium (1.0% poly peptone. 0.5% yeast extract 1.0% sodium chloride. 
pH7.2) which added ampicillin by the concentration of O.lmg/ml. Isopropyl thiogalactoside (IPTG) was added and it 
cultivated for further 5 hours so that it might be set to last concentration ImM, and centrifugal separation of the 
culture medium was carried out and it carried out the harvest 
[0078] [Example 18] (activity evaluation by the enzyme reaction) 

Fungus body prepared according to the example 17 50 mM Tris-HGl pH9.0. 0,01 %2 - It suspended in mercaptoethanol. 
and ultrasonic grinding was carried out and the crude enzyme solution was obtained, this enzyme liquid 50mm The tris 
hydrochloric-acid buffer solution pH9.0, 50mM(S)-1,3-butanediol, and 2.5mM NAD+ from — the 30-degree G reaction 
mixture which changes — adding — NAD+ 340nm accompanying an increment (S)-1,3-butanediol oxidation activity was 
measured by measuring an absorbance. A result is shown in Table 6. In addition, the result performed like the example 
18 as contrast using host ISHIERIHIA KORI which has not carried out a transformation by manifestation plasmid 
pKK-GPAl is shown in Table 6 at coincidence. 
[0079] 

[Table 6] 

itaitt(Unit/B8) 



< £r X U b T - 3 U JI1 09 CpKK-CPAl ) 



Q. 581 
0.Q 



[Example 1 9] (production of (R)-1 ,3-butanediol by the gene recombination fungus body) 

Galcium-carbonate water was added 0.8% with racemic 1 .3-butanediol so that it might become the fungus body 
prepared according to the example 17 with the 5% of the last concentration, and the shaking reaction was carried out 
by 30 degrees G and 250rpm with the diameter test tube of 21mm for 17 hours. In addition, it is 660nm about the cell 
mass concentration at the time of reaction initiation. It was made for OD which can be set to be set to 20 2ml of ethyl 
acetate after disinfecting in centrifugal separation after reaction termination and saturating 500micro of obtained 
supernatant liquor I with a sodium chloride It used and the 1, 3-butanediol which remains was extracted. It is an acetyl 
chloride 100 to the residue after deliquoring an extract mul was added and acetylated. The 1 .3-butanediol which added 
and acetylated the 1ml n-hexane to this was dissolved, and optical purity was measured with the high performance 
chromatography (column:Ghiralcel alumnus (Daicel Ghemical Industries, Ltd. make), and a solventn-hexane / 
2-propanol = 191 wavelength [ of 220nm ]. and 1 .0ml [ of the rates of flow ] temperature) using an optical-resolution 
column (holding time: (S) object 1 5 minutes, and (R) object 1 9.3 minutes). [ [a part for /and temperature of 40 degrees 
G] ] Moreover after diluting previous supernatant liquor with aqua destillata suitably, the quantum of the 1 ,3-butanediol 
concentration was carried out with the gas chromatography [column:Thermon 3000 5% / chromosorb W 80 -100 mesh 



(bore 3mm x die length of 2.1m) (Nobukazu chemically-modified incorporated company make), and temperature 130 **]. 
The optical purity of the obtained 1 ,3-butanediol and yield are shown in Table 7. In addition, the result performed like 
the example 19 as contrast using host ISHIERIA KORI which has not canned out a transformation by manifestation 
plasmid pKK-CPAl is shown in Table 7 at coincidence. In addition, yield expresses the mole ratio of the 1 ,3-butanediol 
which remained after reaction termination to the racemic 1 .3-butanediol added first all over Table 7. 
[0080] 
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[Effect of the Invention] It became possible to obtain the microorganism in which the transformation was carried out by 
DNA which carries out the code of the new 2nd class alcoholic dehydrogenase which has stereospecificity, and this 
enzyme by this invention, and DNA which carries out the code of this enzyme. 

[0082] By using the microorganism (a variant and a transformation microorganism being included) which produces this 
enzyme or this enzyme, or its processing object, it became possible to perform efficiently manufacture of the 
optical-activity alcohol from racemic-modification alcohol, manufacture of the optical-activity alcohol from an 
unsymmetrical ketone, etc. 
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DESCFUPTION OF DRAWINGS 



rPrawinriT Kdrawhlg showing the pattern in the sodium-dodecyl-sulfate-polyacrylamide gel electrophoresis of the 
refined 2nd class alcoholic dehydrogenase. .... ... x^l o j i i u r 

fpra^ng 2l It is drawing showing the pH dependency of (S)-2-butanol oxidation reaction of the 2nd class alcoholic 
dehydrogenase in the relative activity which set optimal pH to 100. „. , ... .. x»u <j j 

rPrawineal It is drawing showing activity [ in / for the pH dependency of the 2-butanone reduction reaction of the 2nd 
class alcoholic dehydrogenase / optimal pH ] in the relative activity set to 100. ,i,„holir 
rPrawine 4l It is drawing showing the residual activity after processing 30 degrees C of the 2nd class alcoholic 
dehvdroeenase in each pH for 30 minutes. ..■■ji.j 4. u 

drawings] It is drawing showing the residual activity after processing the 2nd class alcoholic dehydrogenase at each 

SraSfllt fe drawing showing the part of the base sequence of DNA which cames out the code of the 2nd class 
Alcoholic de hydrogenase, the amino acid sequence expected from this base sequence, an PGR primer, and a reverse 

Toraw^^' lt is drawing showing the part of the base sequence of DNA which carries out the code of the 2nd class 
Licoholic de hydrogenase, the amino acid sequence expected from this base sequence, an PGR pnmer. and a reverse 

TDrawjS'lt is drawing showing the part of the base sequence of DNA which carries out the code of the 2nd class 
Licoholic de hydrogenase, the amino acid sequence expected from this base sequence, an PGR primer, and a reverse 

To^SSl lt is drawing showing the structure of the mixed primers CpN and CpTIO for PGR. In addition, that two or 

Lre bases are indicated to be to the same-among drawing part shows that the mixed pnmer is the mixture of the 

primer which has the base of these plurality. . . /,c.AeD 

[Drawing 10] It is drawing showing the configuration of plasmid pGPABK. 

rPrawing 111 It is drawing showing the configuration of expression vector pKK-CPAi. 
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10 20 30 40 SO 60 

ArerCiUTTCCATCAACCCACTACGCATTCCTATTCmAACCAATCACGACrTAATCTC 
MntSarl leProSerSerCl nTyrCI yPheValPhaA snLiffiCl nSarClyLfluAsnLeu 

70 80 90 100 110 120 

AGAAArGATTTGCCTGTCCACAAGCCCAAAGCCGGTCAAnGTTCnGAAAGTTCATGCT 
^ I^RnAspLeiiPrnVaimsL ysProLyeAl aGlyGloLe^euLeuLysVal AspAl a 

^ CPA-HUM 

iSO 140 ISO 160 170 18D 

GrreGAnGTBTCAnCTGATnACATCTCArTTACGAACGCTTCGATTCTGGTGATAAT 
YgiC|vI.aiinvRHlgSerAsnLeuKifiVal I leTvrGltiGlyLBuAspCYsGlyAspAsn 

190 200 210 ° 220 230 240 

rATCTCATDGCACATGAAATTGCTCGAACTGnGCTGCTGTGGGTGATCATGTCATTAAC 
Ty rVa I MetO I vHlsG >ul 1 eA 1 aC 1 yTh r Val A 1 aA 1 aVal Gl yAspAspVa 111 eAs n 

25D 260 270 280 290 300 

TACAAGCTTGGTGATCGTGTTCCCTCTGTCGGACCCAArGGATGTCGTGGGTGCAAGTAT 
Ty pLysVal Gl yAspArgVal A I aCysYal G I yProAsnGl yCysGl yGl yCysLysTy r 

310 320 330 340 850 360 

TGTCGTGCTGMATTGACAATGTATCTAAAAACGCAmGGTGATTGGTTCGGAnGGCG 
CysArsGlyAlalleAspAsnValCysLysAsnAlaPheGlyAspTrpPheGlyLeuGly 
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370 880 390 400 410 420 

TACGATGGrGCGTATCAACAGTACTTGTTfiCTTACTAGACCACCTAACTTGTCTCCTATC 
Ty r As pG ] yG I yTy rG 1 nG I oTy rLeuLduVa I ThrArgP roArgAs nLeuSer A rgl 1 e 

430 440 450 460 470 480 

CCAGATAACCrATCTGCAGACGTGGCTGCCGCTTCAACTGATGCTGTATTGACACCATAT 
ProAspAs n Va I Ser A 1 aAspVa 1 A 1 aA 1 aA I aSerThrAspAl aVal LeuThrProTy r 

490 500 510 520 580 540 

CACGCAATCAAGATGGCTCAAGTGTCACCAACrrCGAATATCnGCTTATTGCTGCTGGT 
HisAlalleLysMetAlaGlnValSerProThpSerAsciIleLeuLeuneGlyAiaGly 

550 580 570 58Q 590 600 

GGATTGGGTGGAAATGCAATTCAAGTTGCCAAGGCATrTGGTCCGAAAGTTACTGTTTTG 
G 1 yLeuG 1 yG 1 yAs aA 1 a 1 1 eGl nVai A 1 aLysA 1 aPheG 1 yAl aLys Va IThrVa I Leu 



610 620 630 840 650 660 

GACAAAAAAAAGGAGGCTCGTGACCAAGCAAAGAAGTTGCGrGCTGATGCAGTnATGAA 
AspLysLysLysGluAlaArgAspGlnAlaLysLysLeuGlyAlaAspAiaValTyrClu 

B70 B80 690 TOO 710 720 

ACATTGCCAGAATCCAnTCTCCTGGCTCTTTTTCAGCATGmTGATTTTCmC 
ThrLeuProGluSerlleSerProGlyS erPheSerAlaCysPheAspPheValSerVal 

730 740 750 760 770 780 

CAAGCTACATTTCATCTATGrCAAAAGTATGTTGAACCAAAGCCTCTAATTATGCCCGTG 
ClnAlaThrPheAspValCysGlnLysTyrValGluProLysGlyVallleMotProVal 

FDrawing 8l 



790 800 810 820 830 840 

GGACTCGGT(M;TCmAnTATCGTTTAATTTGGGAGATTTGGCAnGAGAGAAATTCOA 
G 1 yLeuG I yA I aProAsnLeuSe rPheAs aLeuG I yAspLeuA I aLeuArgC I u 1 1 eArg 



850 860 870 880 .890 900 

ATCTTGGGTAGTTTTTGGGGAACTACTAATGATTTGGATGATGTTnGAAATTGGTTAGT 
1 1 eLeuG 1 ySftr pheTroCl yThrThrAsnA soLeuAspAspValLeuLysLeuVal Ser 
CPA-MSP 



910 920 930 940 950 960 

GAAGGTAAAGnAAACCCGTTGTGAGAAGTGCCAAATTGAAGGAATTGCCAGAGTATATT 

G1 uG I yLysVal LvsProYal Val ArgSerA 1 alysT.piiI .Ysfil I'l fi\\?T^f 1 uTyr 1 1 e 

970 980 990 1000 1010 
GAAAAATTGAGAAACAATGCTTATGAAGGTAGAGTTGTTTTTAATCCATAG 
CI uLysLetiArgAsnAsnAl aTyrGl uGl vAreVal ValPheAsnProm 
CpTlO 
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(CpN) 

rS^ttfiW: Tyr-Cly-Wie-yal-Phe-AsB-Lys-ClD 
DiiAUM : y TiT-CGT-TTT-Gn-m-AAT-AAA-CA 8 
(CpN) C C C C C C G 

A A 

0 G 

(C pT 1 0) 

T 5 JWt&^i Asn-Asn-Alft-Tyf-GIuH5ly-Arg 
DNAKW : B' aT-AAT-GCT-TAMAA-GCT-CC 3' 
C C C C G C A 
A A 
Q G 
liffiE^ : 3' nA-TTA-CGA-ATA-CTT-CCA-CC B* 
(CpTlO) C C Q G C GT 
T T 
C C 
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